Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 2001-172078 
(43)Date of publication of application : 26.06.2001 



(51)lnt.CL 



C04B 35/46 
HOIL 41/09 
HOIL 41/187 



(21 )Application number : 2000-326638 (71 )Applicant 
(22)Date of filing : 29.10.1999 (72)lnventor : 



SAWADA TAKUYA 
KIMURA MASAHIKO 
ANDO AKIRA 
HAYASHI KOICHI 



MURATA MFG CO LTD 



(54) PIEZOELECTRIC CERAMIC COMPOSITION AND PIEZOELECTRIC CERAMIC 
ELEMENT USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric ceramic composition useful as a 
material for piezoelectric ceramic elements such as piezoelectric filter, piezoelectric 
vibrator and piezoelectric ceramic oscillator exhibiting (>20%) electromechanical coupling 
factor kt and (<45) temperature-changing rate frTC of resonance frequency which are 
practically usable by improving an electromechanical cou pling factor kt and a 
temperature-changing rate frTC of resonance frequency at -20°C to 80°C of piezoelectric 
ceramic composition consisting essentially of SrBi4Ti4015 and a piezoelectric ceramic 
element using the above ceramic composition. 

SOLUTION: This piezoelectric ceramic composition comprises a main component 
represented by the general formula SrBi4Ti4015. In the composition, at least one king of 
element of Sc and Y is contained in an amount of <0.1 mol and >0 based on 1 mol Bi in 
the main component represented by the above general formula. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of thxs translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezoelectric-ceramics constituent characterized by carrying out 0.1 -mol or less (0 not 
being included) content of at least one sort in Sc and Y to Bi in said principal component, and one 
mol in the piezoelectric-ceramics constituent which uses as a principal component the bismuth 
stratified compoimd which consists of Sr, Bi, Ti, and O at least. 

[Claim 2] The piezoelectric-ceramics constituent characterized by carrying out 0.1 -mol or less (0 not 

being included) content of at least one sort in Sc and Y to Bi in the principal component expressed 

with said general formula, and one mol in the piezoelectric-ceramics constituent which consists of a 

principal component expressed with general formula SrBi4 Ti 4015. 

[Claim 3] It is Mn MnC03 Piezoelectric-ceramics constituent according to claim 1 or 2 

characterized by converting and carrying out content 1.5 or less (0 not being included) % of the 

weight. 

[Claim 4] The piezo-electric ceramic component containing the electrode formed in the piezoelectric 
ceramics which consist of a piezoelectric-ceramics constituent according to claim 1 to 3, and said 
piezoelectric ceramics. 
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* NOTICES * 

JPO and NCIPl are not: responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezo-electric ceramic component using a 
piezoelectric-ceramics constituent and it useful as ingredients, such as piezo-electric ceramic 
components, such as a piezo-electric ceramic filter, a piezo-electric ceramic radiator, and a piezo- 
electric ceramic vibrator, especially about the piezo-electric ceramic component which used a 
piezoelectric-ceramics constituent and it, for example. 
[0002] 

[Description of the Prior Art] The piezoelectric-ceramics constituent which uses titanic-acid lead 
zirconate (Pb(Tix Zr 1-x) 03) or lead titanate (PbTiOS) as a principal component is conventionally 
used widely as a piezoelectric-ceramics constituent used for piezo-electric ceramic components, such 
as a piezo-electric ceramic filter, a piezo-electric ceramic radiator, and a piezo-electric ceramic 
vibrator. However, in the piezoelectric-ceramics constituent which uses titanic-acid lead zirconate or 
lead titanate as a principal component, since lead was contained so much during the presentation, 
there was a problem that the homogeneity of a product fell in a manufacture process for evaporation 
of a plvmibic acid ghost. In order to prevent the homogeneous fall of the product by evaporation of 
the plumbic acid ghost in a manufacture process, or lead is not included at all during a presentation, 
the piezoelectric-ceramics constituent only containing small quantity is desirable. In the 
piezoelectric-ceramics [ this ] constituent which carry out a pair and use bismuth stratified 
compounds, such as SrBi4 Ti 4015, as a principal component, since a plumbic acid ghost is not 
contained during the presentation, the above problems are not produced. 
[0003] 

[Problem(s) to be Solved by the Invention] In the piezoelectric-ceramics constituent which uses 
SrBi4 Ti 4015 etc. as a principal component, since the rate fi-TC of a temperature change with a 
resonance fi-equency of -20 to 80 degrees C [ an electromechanical coupling coefficient kt indicates 
small below the titanic-acid lead zirconate or lead titanate used for piezo-electric ceramic 
components, such as a piezo-electric ceramic filter, a piezo-electric ceramic radiator, and a piezo- 
electric ceramic vibrator, fi-om the former to be compared with the piezoelectric-ceramics constituent 
used as a principal component ] is large, practical use has come [ however, ] to be presented widely. 
fi-TC=(fr(niax)-fi- (min))/(fi- (20 degrees C), 100) 

fi-(max): Minimum resonance fi-equency fi-(20 degrees C):20 degree C [ in the resonance firequency fi- 
(min):-20 degree C to 80 degrees C No.l temperature requirement in a -20 degree C to 80 degrees C 
temperature requirement ] resonance fi-equency [0004] So, the main pvirpose of this invention 
improves the rate frTC of a temperature change with an electromechanical coupling coefficient [ of 
the piezoelectric-ceramics constituent which uses SrBi4 Ti 4015 as a principal component / kt ], and 
a resonance firequency of -20 to 80 degrees C. The piezo-electric ceramic filter in which the rate 
frTC of a temperature change (45 or less) of the electromechanical coupling coefficient kt (20% or 
more) of extent with which practical use can be presented, and resonance frequency is shown. It is 
offering the piezo-electric ceramic component using a piezoelectric-ceramics constituent and it 
usefiil as ingredients, such as piezo-electric ceramic components, such as a piezo-electric ceramic 
radiator and a piezo-electric ceramic vibrator. 
[0005] 
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[Means for Solving the Problem] The piezoelectric-ceramics constituent concerning this invention is 
a piezoelectric-ceramics constituent characterized by carrying out 0.1 -mol or less (0 not being 
included) content of at least one sort in Sc and Y to Bi in said principal component, and one mol in 
the piezoelectric-ceramics constituent which uses as a principal component the bismuth stratified 
compoxmd which consists of Sr, Bi, Ti, and O at least. Moreover, the piezoelectric-ceramics 
constituent concerning this invention is a piezoelectric-ceramics constituent characterized by 
carrying out 0.1 -mol or less (0 not being included) content of at least one sort in Sc and Y to Bi in 
the principal component expressed with that general formula, and one mol in the piezoelectric- 
ceramics constituent which consists of a principal component expressed with general formula SrBi4 
Ti 4015. With the piezoelectric-ceramics constituent concerning this invention, Mn is MnC03. 
Content may be converted and carried out 1.5 or less (0 is not included) % of the weight. The piezo- 
electric ceramic component concerning this invention is a piezo-electric ceramic component 
containing the piezoelectric ceramics which consist of a piezoelectric-ceramics constituent 
concerning this invention, and the electrode formed in piezoelectric ceramics. In addition, although 
the principal component in the piezoelectric-ceramics constituent concerning this invention is 
expressed with general formula SrBi4 Ti 4015, the mole ratio of each element may have a gap of 
some. 

[0006] In the piezoelectric-ceramics constituent concerning this invention, to Bi and one mol, when 
[ than this ] more, the fall of an electromechanical coupling coefficient kt is seen, and the practical 
electromechanical coupling coefficient kt is not obtained, or the content of Sc and Y was set to 0.1 
mols or less (0 is not included), because the porcelain which can be polarized was not obtained. 
Moreover, although Takahashi and others shows clearly that an electromechanical coupling 
coefficient kt improves by converting Mn into the piezoelectric-ceramics constituent which uses 
SrBi4 Ti 4015 as a principal component in Japanese Patent Application No. No. 85292 [ 48 to ] at 
MnO, and containing 0.005 to 0.7% of the weight Also in the piezoelectric-ceramics constituent 
which carried out optimum dose content of Mn, the effectiveness of the invention in this application 
is effective in the piezoelectric-ceramics constituent used as such a piezoelectric-ceramics 
constituent, i.e., a principal component, and a useful piezoelectric-ceramics constituent with the 
small rate fi-TC of a temperature change of resonance fi-equency with a still larger and 
electromechemical coupling coefficient kt is obtained. It sets to invention concerning claim 3, and is 
the content of Mn MnC03 When [ than this ] more, it converted and because the porcelain which 
can be polarized was not obtained, could be 1.5 or less (0 is not included) % of the weight. 
Moreover, since the rate fi:'TC of a temperature change of resonance frequency becomes small 
especially in addition to improvement in an electromechanical coupling coefficient kt when Y is 
chosen among the content elements of Sc and Y, the still more usefiil piezoelectric-ceramics 
constituent as ingredients, such as piezo-electric ceramic components, such as a piezo-electric 
ceramic filter, a piezo-electric ceramic radiator, and a piezo-electric ceramic vibrator, is obtained 
especially, for example. 

[0007] The above-mentioned purpose of this invention, the other purposes, the description, and an 
advantage will become still clearer fi-om detailed explanation of the gestalt of implementation of the 
following invention performed with reference to a drawing. 
[0008] 

[Embodiment of the Invention] (Example) First, as a start raw material, SrC03, Bi 203, Ti02, Sc 
203, and Y2 03 are prepared, and it is presentation (Srl-x Mx) Bi4 Ti4015 +y % of the weight 
MnC03 (M is either Sc and Y.) about these. And MnC03 0<=x<=0.45, 0<=y<=1.6. It ****(ed) so 
that it might become, and wet blending was carried out for about 4 hours using the ball mill, and 
mixture was obtained. After drying the obtained mixture, temporary quenching was carried out at 
700-900 degrees C, and the temporary-quenching object was obtained. And after carrying out coarse 
grinding of this temporary-quenching object, wet grinding of the organic binder was carried out for 4 
hours using optimum dose, in addition a ball mill, and grain refining was performed through the 
screen of 40 meshes. Next, it is this 1000kg/cm2 Disc-like porcelain was obtained by casting by the 
pressure to a disk with a diameter [ of 12.5mm ], and a thickness of 2mm, and calcinating this at 
1 150-1250 degrees C in atmospheric air. After having applied the silver paste to the fi-ont face (both 
principal planes) of this porcelain by the usual approach, baking on it and forming a silver electrode 
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in it, the direct current voltage of 5-lOkV/mm was impressed for 10 - 30 minutes in 150-200-degree 
C insulating oil, polarization processing was performed, and piezoelectric ceramics (sample) were 
obtained. And the rate frTC of a temperature change of an electromechanical coupling coefficient kt 
and resonance fi-equency was measured about the obtained sample. The result is shown in Table 1. In 
addition, it is indicated in Table 1 also as the symbol of element of M in the presentation of each 
sample, and the mmieric value of x and y. Note that it is equivalent to the content (mol) of M to Bi 
and one mol, 1/4, x/4 [ i.e., ], in the above-mentioned empirical formula of x, in Table 1. 



[0009] 
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Sample * mark of the No. column shows that this invention of that sample is out of range. 
[0010] Since electromechanical coupling coefficients kt are in 20% or more and practical use level 
and the rate fi'TC of a temperature change of resonance fi-equency is all in 45 or less and practical 
use level about each sample concerning the example of this invention as shown in Table 1, it is 
especially clear that it is a piezoelectric-ceramics constituent usefiil as ingredients, such as piezo- 
electric ceramic components, such as a piezo-electric ceramic filter, a piezo-electric ceramic radiator, 
and a piezo-electric ceramic vibrator, for example. Moreover, in sample No.2 of the example of this 
invention, and 3 and 5, as shown in Table 1, when Y is included, it is clear that usefiil piezoelectric 
ceramics with the especially small rate frTC of a temperature change of resonance frequency are 
obtained. 

[001 1] In addition, the piezoelectric-ceramics constituent concerning this invention is not limited to 
the presentation of the above-mentioned example, and if it is within the limits of the summary of 
invention, it is effective. 

[0012] Moreover, although the rate frTC of a temperature change of an electromechanical coupling 
coefficient kt and resonance frequency showed the example about the thickness longitudinal 
oscillation of a disc-like piezo-electric ceramic vibrator in the above-mentioned example The 
effectiveness of the invention in this application is not limited to the thickness longitudinal 
oscillation of a disc-like piezo-electric ceramic vibrator. The higher harmonic of thickness skid 
vibration or thickness longitudinal oscillation etc. is effective like the case of thickness longitudinal 
oscillation also in other oscillation modes especially used for a piezo-electric ceramic filter, a piezo- 
electric ceramic radiator, etc. as other piezo-electric ceramic components, for example. 
[0013] Drawing 1 is the perspective view showing an example of the piezo-electric ceramic vibrator 
concerning this invention, and drawing 2 is that sectional view solution Fig. The piezo-electric 
ceramic vibrator 10 shown in drawing 1 and drawing 2 contains the rectangular parallelepiped-like 
piezoelectric ceramics 12. Piezoelectric ceramics 12 contain the piezoelectric-ceramics layers 12a 
and 12b of two sheets. These piezoelectric-ceramics layers 12a and 12b consist of a piezoelectric- 
ceramics constituent concerning this above-mentioned invention, and the laminating of them is 
carried out and they are formed in one. Moreover, as the arrow head of drawing 2 shows, 
polarization of these piezoelectric-ceramics layers 12a and 12b is carried out in the same thickness 
direction. 

[0014] Among the piezoelectric-ceramics layers 12a and 12b, circular vibrating electrode 14a is 
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formed in the center, for example, and drawer electrode 16a of T typeface is formed covering the end 
side of piezoelectric ceramics 12 from vibrating electrode 14a. Moreover, circular vibrating electrode 
14b is formed in the center, for example, and drawer electrode 16b of T typeface is formed in the 
front face of piezoelectric-ceramics layer 12a covering the other end side of piezoelectric ceramics 
12 from vibrating electrode 14b. Furthermore, circular vibrating electrode 14c is formed in the 
center, for example, and drawer electrode 16c of T typeface is formed in the front face of 
piezoelectric-ceramics layer 12b covering the other end side of piezoelectric ceramics 12 from 
vibrating electrode 14c. 

[0015] And one external terminal 20a is connected to drawer electrode 16a through lead-wire 18a, 
and extemal terminal 20b of another side is coimected to the drawer electrodes 16b and 16c through 
another lead- wire 18b. 

[0016] In addition, this invention is appUed to other piezo-electric ceramic components, such as 
piezo-electric ceramic vibrators other tiian above-mentioned piezo-electric ceramic vibrator 10, a 
piezo-electric ceramic filter, and a piezo-electric ceramic radiator. 
[0017] 

[Effect of the Invention] According to this invention, it is the piezoelectric-ceramics constituent 
which uses SrBi4 Ti 4015 as a principal component, and an electromechanical coupling coefficient 
kt is improved to 20% or more, and the rate of a temperature change of resonance frequency is 
improved by 45 or less, and the piezo-electric ceramic component using a piezoelectric-ceramics 
constituent and it usefiil as ingredients, such as piezo-electric ceramic components, such as a piezo- 
electric ceramic filter, a piezo-electric ceramic radiator, and a piezo-electric ceramic vibrator, is 
obtained especially, for example. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing an example of the piezo-electric ceramic vibrator 
concerning this invention. 

[Drawing 2] It is the sectional view solution Fig. of the piezo-electric ceramic vibrator shown in 
drawing 1 . 

[Description of Notations] 

10 Piezo-electric Ceramic Vibrator 

12 Piezoelectric Ceramics 

12a, 12b Piezoelectric-ceramics layer 

14a, 14b, 14c Vibrating electrode 

16a, 16b, 16c Drawer electrode 

18a, 18b Lead wire 

20a, 20b External terminal 

[Translation done.] 
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DRAWINGS 
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